Abstract-Performance of TiO2-B2O3 gas sensor that annealed using nitrogen at 650°C for 30 minutes was observed and analyzed. The sensing film of the gas sensor was prepared by mixing TiO2-B2O3 with an organic binder. The sensing film was characterized by field emission scanning electron microscopy (FESEM) and X-ray diffraction (XRD). The gas sensor was exposed to hydrogen at a concentration of 100 -1000 ppm with operating temperatures of 100°C and 200°C. However, no response was detected for 100 ppm at 100°C. But, as the operating temperature was increased to 200°C, the gas sensor indicated a good response for 100 ppm of hydrogen. The gas sensor exhibited p-type response based on decreased current when exposed to hydrogen. The sensitivity of gas sensor was calculated at 1.00, 2.18 and 3.58 for 100 ppm, 500 ppm and 1000 ppm respectively, at an operating temperature of 200°C.
I. INTRODUCTION
Among the many different types of gases, hydrogen is one that needs rapid detection due to its colourless, odourless, and highly explosive in a wide range [1] . Various materials have been employed to detect hydrogen such as palladium, [2] - [4] , metal-oxides [5] - [11] and carbon-based materials [12] . Of which, metal-oxides are the most common materials used for hydrogen detection due to its high sensitivity to most gases, low cost and simple fabrication techniques [13] . The common metal-oxides gas sensor used to sense hydrogen are SnO2 [5] , [6] , ZnO [7] and TiO2 [8] - [11] .
Metal-oxide gas sensor based on Titanium dioxide (TiO 2 ) are extensively studied because it is chemically stable, nontoxic, biocompatible, inexpensive and wide band gap semiconducting material [14] . Besides, it is also stable at higher temperatures and possesses good sensing characteristics at operating temperatures below 400°C [15] . Structurally, TiO 2 consists of three different phases: rutile (tetragonal), anatase (tetragonal) and brookite (orthorhombic) [16] . The most common applications of anatese and rutile phases are gas sensing, dye-sensitized solar cell, photo catalyst and environmental applications. However, Titania weakness is high resistance, which can be improved by the addition of proper dopant to the TiO 2 [17] .
The recent advent of nanotechnology increased the development of TiO 2 nanostructures. TiO2 nanocrystalline [8] , nanoparticles [9] , and nanotube [10] , [11] have shown a good response to low concentrations of hydrogen and are also capable to operate at low operating temperature, to as low as room temperature.
Therefore, in this current work, the hydrogen gas sensor based on TiO 2 nanoparticles was fabricated on alumina substrate and was exposed to hydrogen at concentrations of 100 -1000 ppm. Two different operating temperatures of 100°C and 200°C were tested to examine the sensing capability.
II. EXPERIMENTAL WORK

A. Preparation and Fabrication of Gas Sensor
The sensing film of the gas sensor was prepared by mixing TiO 2 -B 2 O 3 with an organic binder. Initially, 90 wt. % of TiO 2 (P25) was mixed with 10 wt. % of glass powder, Boron Oxide (B 2 O 3 ). The glass powder was added to the paste to produce good adhesion between the paste and alumina substrate. The 96% Alumina was chosen as a substrate for the gas sensor because it can withstand high temperature up to 1000°C. Also, the paste can be easily deposited atop alumina using the screen-printed method. Hence, TiO 2 was mixed with B 2 O 3 using m-xylene as a medium in an ultrasonic bath. Then, it was dried in an oven to make it into a powder form. The produced powder was then grinded in a mortar to ensure uniformity. Next, in order to make a paste, TiO 2 -B 2 O 3 was mixed with an organic binder. The organic binder was prepared by mixing linseed oil with m-xylene and α-terpineol. For measurement of gas sensor, a silver paste was used as an interdigitated electrode at the bottom of sensing film. The sensing film and interdigitated electrode were deposited on alumina substrate using screen-printed method.
For firing process, TiO 2 -B 2 O 3 sample was calcined in the furnace with air as carrier gas using temperature of 500°C for 30 minutes. Then, the sample was annealed with nitrogen at 650°C for 30 minutes.
B. Experimental Setup for Gas Sensor
The measurement of the TiO 2 -B 2 O 3 gas sensor was conducted in a gas chamber with connection to the mass flow controller, temperature controller and Kiethley 487 Picoammeter / Voltage source. Three different hydrogen concentrations were flowed into the gas chamber: 100, 500 and 1000 ppm. During the measurement, 500 sccm of nitrogen was used as carrier gas and two different operating temperatures which are 100°C and 200°C were tested to the gas sensor. For measurement, 10 V voltage source was applied to the electrode of gas sensor and current was observed as a response of gas sensor.
III. RESULTS AND DISCUSSION
A. Characterization of TiO 2 -B 2 O 3 thick film
TiO 2 -B 2 O 3 thick film on alumina substrate was characterized using field emission scanning electron microscopy (FESEM) and X-ray diffraction (XRD). Fig. 1 displays the nanoparticles structure in the TiO 2 -B 2 O 3 thick film. Based on observation, the structure of the nanoparticles was spherical and it was clearly seen in the sample. This also indicated the prepared paste is homogenous. The diameters of TiO 2 nanoparticles range from 40 -70 nm. 
B. Resistance of gas sensor
The resistance of gas sensor was measured using I-V testing. The measured resistance at different operating temperatures is illustrated in Fig. 3 . At room temperature (22°C), the resistance of the gas sensor was very high with approximately 1.45T Ω. Meanwhile, at 100°C, the resistance decreased rapidly to 7.49 MΩ. There was also a reduction in the resistance at 200°C with approximately value of 0.17 MΩ. It can be observed that, the resistance of the gas sensor decreases with operating temperature increasing. When resistance decreases, more current is able to flow through the gas sensor and better conductivity is achievable with elevated temperatures. Fig. 4 exhibits the response of gas sensor to hydrogen at different operating temperatures. No response was observed at room temperature. Thus, the experiment was conducted at operating temperatures of 100°C and 200°C. The measurement was recorded once the current was stabilized at respective operating temperature. A slight increase in current was observed when nitrogen was flowed through the gas sensor at both operating temperatures. It also can be observed that the increment of current at operating temperature of 200°C was not too high as operating temperature at 100°C. This phenomenon occurred might because of behaviour of gas sensor where it will increase current when exposed to the nitrogen. From the response, it showed that the gas sensor exhibited a p-type behaviour based on the decreased current flow when exposed to a reducing gas such as hydrogen. Hence, it can be conclude that the resistance of gas sensor increases with the exposure hydrogen in the gas chamber. Where R N is the initial resistance during nitrogen flow and R H2 is resistance during hydrogen flow. All the responses were greater than 1 and exhibit a decreased tendency of sensitivity after the gas sensor was exposed to a low concentration of hydrogen. However, the response was unable to reach the original value about 1 when exposed to 500 ppm of H 2 at 100°C as indicated in Fig. 5(a) . Meanwhile, a better sensor response was obtained at an operating temperature of 200°C. Therefore, it can be seen that the response and recovery of the gas sensor are quite stable over different concentrations of hydrogen at this temperature. Next, the sensitivity of TiO 2 -B 2 O 3 gas sensor to various concentrations of hydrogen at operating temperatures of 100°C and 200°C is displayed in Fig. 6 . At the operating temperature of 200°C, a linear graph was generated with the highest sensitivity achieved. The calculated sensitivity values are 1.00, 2,18 and 3.58 for 100 ppm, 500 ppm and 1000 ppm of H 2 respectively. On the contrary, the difference in sensitivity is almost two folds between the two operating temperatures. This analysis showed that the sensitivity of gas sensor can be improved by tested it at higher operating temperature.
IV. CONCLUSIONS
In conclusion, the TiO 2 -B 2 O 3 gas sensor was fabricated using screen-printed method demonstrated its ability to detect low concentrations of hydrogen to as low as 100 ppm at an operating temperature of 200°C. Importantly, the gas sensor exhibited p-type response based on decreased current when exposed to the hydrogen and increased current when exposed to nitrogen. In addition, 200°C was the optimal operating temperature to produce highest sensitivity which approximately 1.00, 2,18 and 3.58 at 100 ppm, 500 ppm and 1000 ppm of H 2 respectively. 
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